(From the Physiological Laboratory o f Prof. Y. Satake, Tohoku Imperial University, Sendai)
Adrenaline, intravenously administered, not only does not in crease the epinephrine discharge from the suprarenal capsule, but on the contrary, exerts a sedative influence upon the epinephrine libera tion in the non-anaesthetized and non-fastened dogs.1) That the rise of the blood pressure or of the blood sugar causes a lessening of the velocity with which the epinephrine is liberated from the suprarenal capsule, while the fall of the blood pressure, as haemorrhage, peptone poisoning, brings about an abundant discharge of epinephrine, seems very reasonably attributable to the self-adjustment of the organism in general. Is it then to be expected to find another inhibiting agent of the epinephrine liberation in the ephedrine, closely related in struc ture and properties to adrenaline ?
There are some previous references concerning the action of ephedrine upon the epinephrine discharge. Grad inescoandMarcu injected the ephedrine into the suprarenal body of a dog under chloro form, which was followed by a considerable rise of the blood pressure, the magnitude of which corresponds to that produced by about a seven to ten times larger dose of ephedrine intravenously introduced. Abla tion of both suprarenal bodies diminished considerably the pressure rise in a dog under luminal, due to an intravenous injection of the ephed rine, and decidedly larger compared with the opening of the abdominal 1) Sugawara, Saito and Nemoto, TohokuJ. of Exp. Med., 1927, 9,149 . 2) Gradinesco and Mareu, C. R. Soe. Biol., 1927, 96, 77. cavity. From these findings, they refer to the action of accelerating of ephedrine of the epinephrine discharge. Using the method of the suprareno-jugular anastomosis in vago tomized dogs, Houssay and Molinelli3) demonstrated that an intra venous introduction of 40 to 50 mgrm. of ephedrine into the chloralosed animals, weighing 16-18 kilos, is capable of accelerating the epine phrine discharge. This was noted in six cases out of ten, and when the gland in the donor was denervated, neither rise of blood pressure, nor contraction of the spleen was appreciable in the dogs so treated on giving the ephedrine. Injection of ephedrine into the gland itself in a dose of 0.01 to 0.1 mgrm., resulted in the secretion of epinephrine from that gland being slightly augmented.
A single experiment of Nagel4) on a cat deprived of the supra renals, reported some years before Gradinesco and Marcu, appa rently contradicts the view quoted above. That is, 1 mgrm. ephed rine, a comparatively weak dose to be effective, was capable of acce lerating the blood pressure considerably in the animal so operated on. Suzuki5) however, failed to duplicate wholly the observation of Na gel; for while ephedrine was effective in raising the arterial pressure in the rabbits indefinitely surviving the double suprarenalectomy, it was plainly less pronounced.
There are also some references concerning the glycaemic effect of ephedrine.
Chen and Schmidts) noted that they investigated in two anaes thetized dogs, but the results were inconclusive, and Kreitmair7) in variably failed to find in rabbits, glycaemic action of ephedrine. Only in a single case when 1 mgrm. per kilo was intravenously given, the blood sugar content increased from 0.082 to 0.128% in one hour.
But all the other reports pointed out with definiteness the glycae mic action of ephedrine in experimental animals.
The intravenous doses proving effective are 25 mgrms. (Nagel),4) 30 mgrms., (Chen)8) or 10-30 mgrms. (Wilson)9), for rabbits, and 10 15 mgrms. (Wilson) or 5-20 mgrms. (Leyko and Mehes)10) for dogs.
3) Houssay and Molinelli, Rev. Soc. Argent.deBiol., 1927, 3. year,Nos. 7 & 8 (Separata) , 700; C. R. Soc. Biol., 1928, 98, 172. 4) N agel, Arch. f. exp. Path. u. Pharm., 1925, 110, 129 . 5) Snzuki, Tohoku J. of Exp. Med., 1928, 12, 87. 6) Chen and Sehmidt, J. Pharm. & Exp. Ther., 1925, 24, 35 . 7) Kreitmair, Arch. f. exp. Path. u. Pharm., 1927 , 120, 216. 8) Chen, J. of Pharm. & Exp. Ther., 1928 , 33, 247. 9) Wilson, Ibid., 1927 Leyko and Mehes, J. of Physiol., 1929, 68, 247. T. Inaba and M. Wada In clinical observation, Miller11) and recently Haintzi2) failed to find gly caemic action of ephedrine contrary to Rudolf and Graham.13)
The blood sugar and the blood pressure were also investigated in the present experiments simultaneously with the discharge rate of epinephrine.
METHODS.
For collection of the blood from the suprarenal vein, the lumbar route operation was performed.
The dorsal roots from the X thoracic to the III lumbar cord of the dogs were severed some weeks prior to the experiments, consequently the procedure for collecting the blood specimens was carried out without the necessity to narcotize and fas ten the dogs, and, without causing any pain.
All the procedures em ployed in this investigation in collecting the blood samples,14) and in assaying the epinephrine content by means of the rabbit intestine me thod,15) and the cat paradoxical pupil reaction,16) were the same as those described previously.
As the standard, adrenaline chloride solution of the Sankyo Co. was taken.
Samples of blood for the determination of epinephrine and sugar content were drawn sucessively from the sup rarenal vein.
It has been shown by several experimentalists that after exposure to ephedrine, the isolated intestine strip exhibits not only a relaxation of muscles, but an inhibition upon the movement of the segment.17) Accordingly, it was necessary to obtain the blood specimens, consist ing of general arterial or venous blood, simultaneously, as the control blood by which the standard adrenaline solutions are diluted at will. These control blood samples were taken from the femoral artery, as des cribed below.
For example, to prepare an adrenaline blood sample, which contains 0.0005 mgrm. adrenaline in 0.5 c.c. of undiluted blood; 0.5 c.c. double Tyrode was first added to 0.5 c.c. of the adrenaline water with a concentration of adrenaline 11) Miller, Am. J. of Med. Sci., 1925, 170, 171 . 12) Haintz, Arch. f. exp. Path. u. Pharm., 1928, 137, 343. 13 Sci.,1927,173,339; Kreitmair, Arch. f.exp. Path. u. Pharm., 1927, 120, 189. 1:1.000.000, and then 1 c.c. Tyrode solution and 0.5 c.c. control blood obtained simultaneously, were further added.
Blood sugar content of the suprarenal vein blood was determined by the method of Hagedorn and Jensen. The arterial blood pressure response to ephedrine was recorded by means of a mercury manometer connected with a femoral artery. A small cannula was inserted into a branch of another femoral artery for collecting the control specimens. A saphena vein was selected for in jecting the ephedrine solution. The preparation of these vessels was made under light local anaesthesia with 0.5 per cent tutocaine solution. Ample time was given for the influence of the operation to subside. Ephedrin hydrochloricum (Merck) was diluted in almost all cases in a concentration of 1 to 2 per cent with 0.9 per cent saline solution ; but when a large quantity was prepared, it was added in amounts up to 20 to 30 c.c. of the saline solution. The drug was administered intravenously in various amounts as 15, 30 and 70 mgrms per kilo of animal body weight in 2 to 4 minutes.
In two experiments, the epinephrine content of one and the same blood samples was estimated concurrently by means of the paradoxical pupil reaction of the cat, previously deprived of both splanchnic nerves and one superior cervical ganglion; and by means of the rabbit intes tine strip.
RESULTS.
The data is summarized in Table. The suprarenal vein blood sam ples from eight dogs were measured for epinephrine, using only the rabbit intestine segment method; but the cat paradoxical pupil method was run parallel with the latter in two cases.
The data on Dog 7 is reproduced in full and the intestine tracing taken on that occasion is also given, but the figures concerning the blood sugar and the epine phrine discharge are given only in Table. The severity of the poisoning symptoms, roughly speaking, ran parallel with the amount of ephedrine given. A small dose of ephedrine, i. e. 15 mgrms. per kilo of body weight, was introduced into 4 animals. The injection was followed by a development of a slight exciting stage. Mydriasis and retraction of the nictitating membrane were associated with frequent nictitation. Occasionally a somewhat abundant salivation was observed. The animal was unable to stand by itself, and lay down on its side. The exciting period lasted for a few minu tes and gradually began to recover the initial state. In Dog 2, emaciated by poor nutrition, death occurred without any recovery from the poisoning state In some cases a tendency to return to the former degree of the body temperature was observed in the later stage of the experiments. The introduction of ephedrine exhibited a considerable rise in the arterial blood pressure in every case, starting a quarter or half a minute after injection. With 15 mgrms. per kilo ephedrine, the increase of the blood pressure was estimated as 28 to 84 per cent of the initial (mean about 60 per cent; four cases); with 30 mgrms. per kilo as 29 to 113 per cent (mean about 60 per cent; four cases); with 70 mgrms. per kilo as 29 to 47per cent(mean about 40 percent; two cases). Kreit mair10) noted that with larger doses than 16 mgrms. per kilo of body weight, the lowering of the blood pressure could not be found in dogs.
The rate of heart beat showed in almost all cases a remarkable diminution in association with a rise of blood pressure, but generally the recovery to the initial rate came somewhat earlier than the arterial pressure. In a single case (Dog 10), which received 30 mgrms. per kilo, the heart rate underwent a definite increase simultaneously with a rise of pressure. In more than half of the cases the diminution pe riod of the heart rate was followed by the appearance of an accelerat ing stage.
Following the intravenous injection of ephedrine, the frequency of respiration showed in some cases a definite increase, but in other cases a slight decrease, or no change at all.
In regard to the blood sugar content in the suprarenal vein blood, as may be readily seen from the examination of the table, the ephed rine administration was responded to by a more or less remarkable but definite hyperglycaemia in nine cases out of ten.
The blood sugar events will now be discussed. In all cases, ex cepting Dog 2 which was emaciated and showed some abnormities in several respects, the ephedrine brought about hyperglycaemia of a de finite degree. The initial value was about 0.09-0.1%, and on receiving ephedrine, the concentration invariably increased with the maximum in the first or second blood sample, drawn 5, and 20 minutes respec tively after the injection. The excess was 0.07%, 0.02% and 0.05% in three dogs receiving 0.015 grm. per kilo ephedrine, 0.06%, 0.01% and 0.04% in three dogs poisoned with 0.03 grm. per kilo, and 0.05% in two dogs poisoned more strongly with 0.07 grm. per kilo. Dog 10, which received 0.03 grm. per kilo, the drug had a somewhat large concentra tion i. e. 0.13% before the injection, and reacted against the intoxica tion by developing hyperglycaemia of a high degree. The sugar con centration increased later, so that 0.34% was measured 35 minutes after the injection, but from that time we failed to collect blood samples as the blood clotted very rapidly. The magnitude of hyperglycaemia was thus by no means so large as compared with other kinds of hypergly caemia, if the data from Dog 10 be taken out of consideration, and the hyperglycaemic period was only of short duration. Moreover, in half of the cases the hypoglycaemia of a somewhat pronounced degree made its appearance finally, and in fact even when the blood pressure was still remaining in the neighbourhood of the initial height.
The relatively small magnitude and short duration of hypergly caemia due to the ephedrine, notwithstanding the comparatively heavy doses, and further, the severity of posioning symptoms, led us to con sider some differences between it and that caused by adrenaline.
The figures obtained from Dog 2, which lost body weight conside rably (from 18.5 kilos to 12.2 kilos in 4 months after the dorsal roots sec tioning) were markedly different from those above quoted. The blood sugar content was already 0.15% before the injection, simultaneously with a somewhat abnormally great output rate of epinephrine. At that time the dog was not excited. On receiving the drug it not only did not increase, but decreased later. The blood pressure elevation was also rather insignificant, and the dog died 70 minutes after the in jection, despite the relatively small dose of the drug. This apparent deviation from the general features might be accounted for by exces sive malnutrition. Now the activity of the suprarenal bodies after the intravenous administration of ephedrine, which is the chief problem in the present researches, will be described, and the relations between it and the alterations of the blood sugar concentration and of the arterial blood pressure, will be discussed.
An amount of 15 mgrms. ephedrine per kilo produced only insigni ficant alterations in the rate of epinephrine liberation in three instances Dogs 1, 3 & 4, while a ten times larger rate compared with the initial was measured in Dog 2 which, it will be remembered, was considerably emaciated. In Dog 1 the suprarenal blood sample taken 5 minutes after the injection showed only a very small increase of the output rate of epinephrine, and those taken from 1 hour to 3 hours after showed small reductions. The blood sugar increase and the blood pressure elevation were, in this dog, of moderate degree and neither hypogly caemia nor hypotension became manifest until the end of the observa tion.
The blood samples of Dogs 3 & 4 taken 20 and 35 minutes after the injection showed an insignificant reduction in the output rate of epinephrine; furthermore, in this period the blood pressure was defini tely higher, though not to any great extent, and the blood sugar re mained either still increased or recovered the initial value. When the blood sugar content appreciably reduced with the recovery or some fall of the blood pressure, the liberation rate of epinephrine was found only very slightly increased. In Dog 2, which lost body weight by 6 kilos in the lapse of 4 months, the initial rate of epinephrine output and the blood sugar con tent were abnormally large, while the blood pressure was rather low. The ephedrine administration caused a small, transitory elevation in the blood pressure, while the blood sugar content decreased later. Some 15 minutes after the injection, the blood sugar contentwas within normal limits but the arterial pressure a little low, and the epineph rine output rate was found to be 6 times the initial rate. A further 15 minutes later, the tendencies continued on, that is, the former de creased still further and the latter increased to 0.0015 mgrm. per kilo per minute, which corresponds to about ten times the initial rate, and about fifty times the normal, quiet, rate. The findings in this dog well harmonize with the views that the decrease of the blood pressure, as well as of the blood sugar, causes the hypersecretion of epinephrine.
Next the data from the dogs receiving 0.03 mgrm. per kilo ephed rine will be given : In Dog 6, the rate of epinephrine liberation was doubled 5 minutes after the injection when the blood pressure raised largely, but the blood sugar concentration showed only a tendency to increase. Later the blood pressure was somewhat markedly high for some time, and the blood sugar concentration was somewhat high too, but the liberation rate tended to reduce a little. Three hours after the injection the blood sugar content somewhat diminished and the epine phrine liberation inclined to increase, though slightly.
In Dog 7 the velocity of the epinephrine discharge increased re markably instantly upon receiving the drug and held that level for about one hour, with signs of a further slight increase while the blood sugar increased only a little. The arterial pressure ascended also on a small scale, and half an hour later both factors, and especially the blood sugar concentration, decreased lower than the initial figures.
In Dog 8 the liberation rate increased only a little, 5 minutes after the injection, when the blood sugar somewhat increased and the blood pressure as well. Some 20-35 minutes after the injection, the blood pressure stood at the level of 150-140 mms. Hg., but the blood sugar concentration by that time had already recovered the initial value , and the liberation rate showed a tendency further to increase a little . But one hour or one and a half hours after the injection, the blood pressure returned to the initial height, and the blood sugar content decreased by far. The liberation rate rose to five times the initial rate .
Before the ephedrine injection, the blood sugar content in Dog 10 was abnormally high and the arterial pressure abnormally low. On receiving 0.03grm. per kilo of the drug, the sugar content increased considerably, and the liberation rate of epinephrine also; in fact about four times the initital rate. The hyperglycaemia of 0.3% continued and the liberation velocity further increased a little, but the arterial pressure tended to descend.
The minimum lethal dose of ephedrine, 0.07grm. per kilo, produced in Dog 5 a remarkable acceleration of the epinephrine liberation rate. An amount of 0.00015 mgrm. per kilo per minute was the rate arrived at 5 minutes after the injection, and 0.0026 mgrm. was measured a fur ther 10 minutes later. The blood pressure was moderately high in those spells, and the blood sugar content was also moderately up when measured 5 minutes after the injection; the dog died soon under con vulsive attacks.
The same dose was given to Dog 9, in which the glycaemic, pres soric, and secretory responses, visible soon after the injection were comparatively smaller compared with the foregoing experiment. The dog suffered not so severely as Dog 5 from the poisoning.
The gly caemic and pressoric responses were wholly transitory, a pronounced hypoglycaemia occurring later. Owing to the rapid clotting of blood the epinephrine liberation rate could not be measured.
The epinephrine was estimated from the blood samples of Dog 10 against adrenaline hydrochloride, by means of the cat paradoxical pupil reaction in ad dition to the rabbit intestine segment method, which was applied in all the other experiments. The former gave about two thirds of the value obtainable by the latter, harmonizing with the previous experiences.19)
The exaggerated liberation rate noted in Dog 5, such as 0.029 mgrm. per kilo per minute was seldom noted.
The increased velocity of the epinephrine output was mainly due solely to the increased concentration of epinephrine in the blood from the suprarenal cap sule. The rate of blood flow through the gland underwent some reduction dur 19) Sato and Aomura, Tohoku J. of Exp. Med., 1929, 13, 134; Aoin ura and Yen, Ibid., 1929, 14, 93; Aomura, Ibid., 1929,14, 291; Sato and Aomura, Ibid., 1930, 15, 17; Aomura, Yen and Oikawa, Ibid., 36. W. Takahashi, T.Inaba and M. Wada ing the poisoning, in some cases markedly, in others only slightly. In Dog 10 the flow rate increased too, in addition to the increase of the concentration. In general, the intensity of the augmenting effect of the ephe drine upon the blood pressure and the blood sugar concentration is de finitely inferior to that of adrenaline, as is well known. In the pre sent investigations, moderate as well as heavy doses were applied with rather small and temporary pressoric and glycaemic effects. And the magnitude of alterations was always about the same scale despite the varying doses of the drug.
The rate of the epinephrine discharge apparently did not undergo any significant changes in three dogs (Dogs 1, 3 & 4), which received 0.015grm. per kilo of the drug and another (Dog 6), poisoned with 0.030grm. per kilo. If some stress be laid upon small fluctuations, they might be explained in the manner given in the introduction, that is, the increase in the blood pressure or the blood sugar acts to reduce the epinephrine output rate, and the decrease acts, on the contrary, to increase it.
The results in Dogs 7, 8 & 2 may be partly explained similarly. Nevertheless, the figures such as in Dog 2, 15 minutes after the injec tion, in Dog 6, 5 minutes after the injection, in Dog 7, 5-20 minutes after the injection, in Dog 8, 5-35 minutes after the injection, in Dog 5, 5-15 minutes after the injection, in Dog 9, 5 minutes after injection and all those in the case of Dog 10 cannot be held as to correspond to the above explanation. The increase of the epinephrine discharge rate seems in most cases associated with the darkness of blood, the readiness with which the blood clots, and the depressive state of the animals. Asphyxia is well known as a very potent agent to occasion the epine phrine discharge, and that the intensity of augmented secretion of epinephrine runs completely parallel with the depressive state in the peptone poisoning was demonstrated by Watanabe.20) Thus we must recognize some different features in the various ac tions of ephedrine; that is, a moderate amount such as 0.015grm. per kilo is capable of bringing about vascular and glycaemic changes of the same magnitude as heavy doses of 0.03 grin. per kilo or 0.07 grin. per kilo, but the former affects only insignificantly the epinephrine discharge, chiefly by intermediation of either vascular or glycaemic changes, while heavy doses act to intensify the discharge rate largely. 
